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Effects of dietary protein and unlnephrectomy on renal anglotensin
converting enzyme in the rat. This study examines the effects of dietary
protein and of uninephrectomy on angiotensin converting enzyme(ACE) in the normotensive rat, with particular regard to the kidney.
Male Wistar Kyoto rats were fed isocaloric diets containing 5, 16 or
50% protein for three weeks. Other groups of rats were subjected to
either left unilateral nephrectomy or sham operations, and the rats were
killed eight days after surgery. ACE activity was measured in the
kidney medulla, cortex, proximal tubule brush border membrane and in
the plasma, heart and lung. Renal cortex and brush border ACE activity
increased in parallel with protein intake, whereas plasma and lung ACE
activity decreased; heart and kidney medulla ACE activity did not vary
significantly. Uninephrectomy also led to a high increase in brush
border ACE activity in the contralateral kidney, with no effect in the
renal medulla or in the other tissues. The increase in ACE activity in the
brush border membrane corresponded to a similar increase in the
maximum number of binding sites of 3H-ramiprilat. This suggested that
the increase in ACE activity corresponded to an increase in ACE
concentration. The increase in renal tubular ACE activity could result
in higher angiotensin II levels, and could consequently play a role in the
modification of sodium reabsorption and cellular growth which occurs
in the proximal tubule in these experimental models.
Dietary protein intake has profound effects on both the
healthy and the diseased kidney [reviewed in 1, 2]. Increasing
the dietary protein intake has been shown to harm the kidney,
especially if it is already damaged (nephritis, subtotal renal
ablation). Dietary protein restriction improves the prognosis of
most experimental and clinical renal diseases (glomerulonephri-
tis, polycystic disease, interstitial nephritis).
The effects of protein intake appear to be a consequence of an
adaptive change in renal function and structure, including
changes in the renal blood flow, glomerular filtration rate (GFR)
and renal mass.
It has been shown that the renal adaptive response to a high
long-term protein intake shares many of the features observed
in the remaining intact kidney after unilateral nephrectomy. The
introduction of a high protein diet and unilateral nephrectomy
both lead to increased GFR and tubular hypertrophy [3]. In
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both cases, increased GFR causes a higher filtered load of
sodium to nephrons and the hypertrophied tubules exhibit
increased rates of sodium reabsorption. In both cases, there is
an increase in Na/H antiporter activity in the proximal brush
borders of cells [4], which is at least partially controlled by
angiotensin II [5]. Increased renal cortical NaKATPase
activity has also been detected [6]. Lastly, a high protein diet
reinforces the effect of renal ablation in bringing about these
structural, hemodynamical and biochemical changes [4].
The mechanisms by which protein intake and uninephrec-
tomy produce these hemodynamic and structural changes have
not been fully established but may be hormonal. It has been
suggested that the renin-angiotensin system may have a role.
However, the two models differ in terms of their renin effect.
High dietary protein induces stimulation of the renin angioten-
sin system. An increase in plasma renin activity, plasma angio-
tensin II concentration and renal renin mRNA has been ob-
served in rats on a high protein diet [7—10]. Plasma renin activity
also increased in humans on a high protein intake [11]. In
contrast, uninephrectomy does not increase renal renin [10].
The aim of this paper was to study the effects of dietary
protein and the effects of uninephrectomy on angiotensin con-
verting enzyme (ACE), another key enzyme of the renin-
angiotensin system. As the main structural consequence of
these two experimental models is hypertrophy of the renal
proximal tubule, particular attention was focused on the ACE
of the brush border membranes of epithelial cells in the kidney
proximal tubule. ACE activity was also measured in the
plasma, lung and heart in order to establish whether the
response was confined to the kidney.
Methods
Experimental design
The study involved two groups of experiments on male
Wistar rats (Iffa-Credo, l'Arbresle, France).
In the first series of experiment, 24 rats (260 to 280 g) were
housed two by two in cages with free access to food and
drinking water, and were randomly divided into three dietary
groups (N = 8 for each group). Rats were fed on standard rat
chow (16% protein; control rats), a high protein diet (50%) or a
low protein diet (5%). The diets (UAR, Paris, France), with an
identical mineral content (in glkg: 4.0 sodium, 6.0 potassium,
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4.0 chloride, 10.0 calcium, 7.75 phosphorus), were kept isoca-
lonc by adjusting the amount of carbohydrates. Studies were
performed after three weeks on the special diets. The 24-hour
average food intake was determined by weighing the food every
other day.
In the second experiment, 10 rats (240 to 250 g) under ether
anesthesia were subjected to either left uninephrectomy (N =5)
or a sham operation (N = 5). These rats were maintained on
standard rat chow containing 16% protein (UAR, Paris) and
were killed eight days after the surgery.
Plasma and tissue sampling
All rats were killed by decapitation. The blood, collected in
heparinized tubes, was promptly centrifuged (2000 g for 10 mm)
and preserved at —20°C. The kidneys were perfused with 0.9%
NaCL solution (4°C) for blood elimination. The medulla and
cortex of the right kidney were separated by dissection. The
renal medulla was stored at —20°C. The renal cortex was
homogenized and brush border membranes were prepared
using the method of Malathi et al [12], based on Ca2 aggrega-
tion and differential centrifugation. The pellets containing the
brush border were then resuspended and diluted in Triton X-100
(0.3%) for enzyme activity measurements and binding studies,
before being stored at —80°C. Brush border membrane marker
enzyme alkaline phosphatase enrichment [13] was 10.99 1.57
(N = 6) and the basolateral membrane marker NaKATPase
[14] was 0.21 0.06 (N = 6) compared to the original cortical
homogenate. The homogenate specific activity and brush bor-
der membrane enrichment ratios for alkaline phosphatase and
NaKATPase were the same in membranes obtained from
each of the different experimental groups.
Fragments of lung (right apex) and heart (apex) were also
removed and rinsed in 0.9% NaCl solution. These tissue sam-
ples were stored at —20°C. After thawing of the lung, heart and
renal medulla samples, Triton X-l00 (0.3%) was added, the
organs were homogenized, and the suspension was centrifuged
(11500 x g for 20 mm, 4°C) after sonification. The supernatants
were diluted in Triton X-100 (0.3%) for fluorimetnc determina-
tion of ACE activity.
Determination of ACE activity
ACE activity was determined according to Unger et al [15]
and under the conditions for linearity described by Welsch et al
[16] on the plasma and tissue samples in the presence of an
artificial substrate (10 mri N-Cbz-Phe-His-Leu, 67 mrt phos-
phate buffer, pH 8.0, 300 mM NaC1, ZnSO4 10 pM). The
dipeptide (His-Leu) produced by the reaction was measured
spectrofluorimetrically after coupling with O-phtaldialdehyde.
ACE activity was expressed in nmol of dipeptide released per
minute of incubation. To ensure good reproductibility of the
ACE activity measurement, the protein concentration in the
assay was maintained at less than 1 mglml (tissue) or 20 mg/ml
(plasma) [16]. The protein concentration was assessed by the
method of Lowry et a! [17]. Triton X-100 was added to the
standard at the same concentration used for the tissue sample.
Before the optical density was read, standards and samples
were centrifuged (2000 x g for 10 mm) to eliminate the slight
precipitation due to the Triton. The coefficient of variation for
intra-assay, determined by assaying 12 aliquots from a pool of
plasma or tissues, was 3%. In this study, the 24 or 10 samples
from each tissue were handled in duplicate in one experiment.
3H-ramiprilat binding
3H-ramiprilat (diacid of ramipril, specific activity: 20.6 Ci!
mmol, radiochemical purity 96%) was obtained from Hoechst
AG (Frankfurt-am-Main, Germany). The binding study of
(3H)ramiprilat on renal brush-border membranes was carried
out according to the method of Strittmatter, Kapioff and
Snyder [18] and under the conditions described by Grima et al
[19]. Briefly, 0.05 ml of brush border membranes were incu-
bated with 0.05 ml buffer (50 mrt Tris HC1, pH 7.9, 100 mM
NaCl) including increasing amounts of(3H)ramipnlat (0.75 to 80
nM). After 120 minutes of incubation at room temperature, free
and bound ligands were separated by filtration (Brandel Cell
Harvester) on Whatman GF/B filters treated with polyethylene
imine (0.3%) to allow the retention of soluble binding sites [20].
Filters were washed three times with 5 ml of ice cold buffer (10
ifiM Tris HC1, pH 7.4) and transferred to counting vials con-
taining 10 ml of a scintillation mixture (Packard TM 299).
Radioactivity was measured in a Packard counter with a 58%
efficiency. Non-specific binding was determined in the presence
of 10 M of unlabeled ramiprilat. The final protein concentra-
tion in the binding assay was 0.1 mg/ml. Binding data were
analyzed by the non-linear analysis program Ligand [21] to
determine the maximum number of binding sites (Bmax) and the
dissociation constant (Kd).
Other biochemical analyses
Preliminary studies in our laboratory have shown that tn-
iodothyronine and dexamethasone are potent factors regulating
plasma and tissue ACE activity [22]. Therefore, plasma triiodo-
thyronine (T3) and cortisol were determined during the diet
study with commercially available kits (Cortisol and Total T3
plus TDX 1, Abbott, France) and plasma glucose concentration
was measured in tail blood just before death (Glucostix, Ames
Division, Miles Laboratories, Puteaux, France). The total uri-
nary protein level was determined colorimetrically [23] on urine
samples obtained during a 24-hour urine collection of rats
housed in individual metabolic cages on the last day of the
study.
Statistics
Results are expressed as the mean SEM. Unpaired Stu-
dent's t-tests were used for the comparison of sham animals
with uninephrectomized animals. When more than two groups
were compared (dietary protein groups), one-way analysis of
variance (ANOVA) followed by a Scheffe's t-test was used. P <
0.05 was considered significant.
Results
Diet study
General biological and hormonal parameters. Initial mean
body weights were similar in the three groups (Table 1). After
three weeks of controlled diet, body weight was significantly
lower in the 5% protein group than in the other groups. Average
food intake and therefore caloric intake were identical in the
three groups. The urinary protein excretion of rats on the 50%
protein diet was significantly higher than that of rats on either
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5% Protein
diet
16% Protein
diet
50% Protein
diet
Initial body weight g 269 7 269 12 262 17
Final body weight g 260 6 308 4 296 4
Food intake g124 hr 15.6 0.5 16.9 0.2 15.2 0.8
Proteinuria mg124 hr 3.6 0.5C 12.0 1.5 22.6 39a
Plasma T3 1.18 0.09 0.84 0.04 0.79 0.07
concentration
nglml
Plasma cortisol 1.36 0.5' 2.34 0.4 5.03 0.8a
concentration
pg/dl
Plasma glucose 111 8 106 6 93 5
concentration
mg/dl
Renal Renal Renal
medulla cortex brush border
Fig. 1. Angiotensin converting enzyme (ACE) activity in renal me-
dulla, cortex and brush border membranes after three weeks of dietary
protein. Symbols are: () 5% protein diet; (I) 16% protein diet; (0)
50% protein diet. Values are means SCM for N = 8 rats. * P < 0.05;
** P < 0.01.
the 16% or 5% protein diets. Plasma T3 level was higher on the
5% protein diet than in either of the other two groups. Plasma
cortisol level was higher on the 50% protein diet. Glucose
plasma concentration levels were not significantly different.
ACE activity in the kidney. In the medulla, ACE activity
(expressed as nmol His-Leu/min/mg prot) seemed to increase in
parallel with protein intake but statistical significance was not
reached (Fig. 1). Cortex ACE activity was significantly higher
in rats on the 50% protein diet (3.30 0.08 nmol His-Leu/
mm/mg prot) than in animals on lower protein diets. Cortex
ACE activity was lower with the 5% protein diet (2.03 0.16
nmol His-Leu/min/mg prot) than with the 16% protein diet (2.52
0.13 nmol His-Leulminlmg prot). Brush border ACE activity
resembled cortical ACE activity: compared to the 16% protein
diet rats, brush border ACE activity was 45% higher in the 50%
protein group and 23% lower in the 5% protein group.
ACE activity in the plasma, lung and heart. In the plasma,
ACE activity for rats on both 5 and 16% protein was slightly (22
**Ifl in,,
Heart Plasma Lung
Fig. 2. Angiotensin converting enzyme (ACE) activity in heart, plasma
and lung tissues. Symbols are: () 5% protein diet; () 16% protein
diet; (0) 50% protein diet. Values are means SCM for N = 8 rats. * p
<0.05; ** P < 0.01.
5% Protein
diet
16% Protein
diet
50% Protein
diet
Kd nmol/liter
Bmax pmol/mg protein
1.58 0.32
2.45 014ab
1.48 0.26
3.37 0.28
2.23 0.54
5.06 0.27C
The dissociation constant (Kd) and maximum number of binding sites
(Bmax) were determined by analyzing the saturation curves. Values are
means SCM for N = 5 rats.
a p < 0.01 50%.
b P < 0.05 vs. 16%.
P < 0.01 vs. 16%.
and 10%) but significantly higher than for rats on the 50%
protein diet (Fig. 2). In the lung, ACE activity was significantly
higher (22%) in the 5% protein group than in the 50% protein
group. Heart ACE activity did not differ from one protein diet
group to another.
3H-ramiprilat binding. In response to different protein diets,
ACE activity variations were highest in the brush border
membranes. To determine whether these variations result from
differences in the enzyme level or a modification of the active
site, saturation experiments with 3H-rainiprilat were performed
on brush border ACE (Table 2). No significant difference in the
Kd was observed between the three groups. In rats on 50%
protein diet, the maximum number of Bmax increased by 50%
compared to the 16% protein group, whereas in the 5% protein
group Bmax decreased by 27% compared to the 16% protein
group. These variations are closely correlated with those ob-
served in ACE activity. This suggests that the variations of
ACE activity result from an increase or decrease of ACE level
in the brush border.
NaKATPase and alkaline phosphatase. Dietary protein
had no effect on the basolateral membrane marker enzyme
NaKATPase whose activities were 2.9 0.2 prnol Pilmg
prot/hr (N = 8) in the 5% protein group; 2.9 0.1 jxmol Pi/mg
protlhr (N = 8) in the 16% protein group and 3.3 0.1 jmol
Piling protlhr (N 8) in the 50% protein group. On the other
Table I. General biological and hormonal parameters after three
weeks of dietary intervention
20.
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Values are means SCM for N = 8 rats.
Variance analysis: a p <0.05 vs. 16%; b p< 0.01 vs. 16%; C P < 0.01
vs. 50%.
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Table 2. 3H-ramiprilat binding to brush border ACE after three
weeks of controlled diet
**
* *
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*
Renal Renal
medulla cortex
Fig. 3. Angiotensin converting enzyme (ACE) activity in renal me-
dulla, cortex and brush border membranes from sham operated ()
and nephrectomized rats (•) eight days after surgery. Brush border
ACE activity was determined from right kidney removed at death.
Values are means SEM for N = 5 rats. * P < 0.05; ** P < 0.01.
hand, the brush border marker enzyme alkaline phosphatase
was significantly higher (P < 0.01) in the 5% protein group (9.4
0.3 lU/mg prot, N = 8) compared to the 16% protein group
(8.1 0.2 lU/mg prot, N = 8)and to the 50% protein group (7.2
0.1 lU/mg prot).
Uninephrectomy
General parameters. The mean body weights of the sham
operated and uninephrectomized groups both at the start of the
study and at eight days were similar. No significant difference
was observed in urinary protein excretion between sham oper-
ated (10.5 0.4 mg124 hr, N = 5) and uninephrectomized rats
(13.4 1.1 mg124 hr, N = 5). Plasma T3 concentration were
unchanged after uninephrectomy: 1.01 0.11 ng/ml versus 0.89
0.07 ng/ml in sham operated rats. No significant difference
was observed in plasma cortisol concentration between sham
operated (4.4 0.6 pgIdl) and uninephrectomized rats (3.51
1.28 pg/dl).
ACE activities in the kidney. Figure 3 shows that left unine-
phrectomy had no significant influence on ACE activity in the
right renal medulla. In contrast, ACE activity in the cortex (2.73
0.15 nmol His-Leu/minlmg prot) and in the brush border
increased dramatically compared to the cortex (2.01 0.19
nmol His-Leu/minlmg prot) and the brush border of the right
kidney of sham operated rats.
ACE activity in the plasma, lung and heart. As shown in
Figure 4, uninephrectomy had no significant effect on ACE
activity in the plasma, lung and heart.
3H-ramiprilat binding. No significant difference in the Kd was
observed in the remaining kidney after uninephrectomy (2.67
0.40 nmol/liter) compared to sham operated rats (2.18 0.24
nmollliter). The maximum number of Bmax showed a 54%
increase (P < 0.05) in the brush border of the right kidney of
uninephrectomized rats (4.50 0.50 pmol/mg prot) compared
to sham operated rats (2.92 0.09 pmollmg prot), suggesting
that the increase in ACE activity resulted from an increased
ACE level.
NaKATPase and alkaline phosphatase. No changes were
found in alkaline phosphatase of nephrectomized rats (12.8
0.5 lU/mg prot) versus sham operated rats (11.5 0.5 lU/mg
prot) whereas a slight increase was observed in NaKATPase
activity in nephrectomized rats (4.77 0.3 smol Pi/mg prot/hr,
P < 0.05) compared to sham operated rats (3.85 0.2 pmol
Pi/mg prot/hr).
Discussion
Our study demonstrates that dietary protein and uninephre-
ctomy affect angiotensin converting enzyme activity.
Dietary protein variations produced different effects on ACE
activity, depending on the localization of the enzyme. Whereas
ACE activity in the heart was not modified, plasma and lung
ACE activity increased with reduced protein intake. Increased
plasma ACE activity could be a direct consequence of higher
lung endothelium ACE activity, which represents an important
source of plasma ACE. On the other hand, renal cortex and
brush border membrane ACE activity increased in parallel with
protein intake. This suggests that the regulation of ACE activity
differs from one tissue to another.
In the kidney cortex, ACE is present in the vascular endo-
thelium and is particularly abundant in the brush border of the
epithelial cells of the proximal tubule. In the medulla, ACE is
essentially located in the vascular endothelium and the tubular
ACE activity is low [24, 25]. Our results showed that cortex
ACE activity varied in parallel with brush border ACE, con-
firming that the level of cortex ACE activity measured princi-
pally reflects tubular epithelial ACE activity [24]. Cortex, brush
border and medulla ACE responded in the same manner to
protein intake variation but to different extents; the increase in
the medulla (30% greater in the high than in the low protein
group) was not statistically significant, whereas in the cortex
(+62%) and the brush border (+85%) the differences were
marked. This suggests that ACE activity in the kidney may also
be regulated differently according to location. Our results tend
to support the notion of different mechanisms for regulating
endothelium and epithelium ACE.
Investigation of the mechanism by which dietary protein
affects ACE is complicated by several factors:
0
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Fig. 4. Angiotensin converting enzyme (ACE) activity in the heart,
plasma and lung from sham operated () and nephrectomized rats (I)
eight days after surgery. Values are means SEM for N = 5 rats.
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Renal
brush border
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(1) Dietary protein-related changes in ACE activities could
reflect a modification of general protein synthesis. In this case,
the same variations should be observed with other enzyme
markers. In our study, no significant difference was observed in
the NaKATPase activity in the renal cortex, whereas alka-
line phosphatase activity, an enzymatic marker of the brush
border, exhibited the opposite response to ACE, with signifi-
cantly higher activity in the low protein group.
(2) In a previous study [221, we have shown that plasma and
tissue ACE activities are affected differently by glucocorticoids
administration and T3 administration in rats. High T3 increased
ACE activity in the plasma, heart and renal brush border, and
decreased ACE activity in the lung had no effect on the renal
medulla. Dexamethasone administration increased lung ACE
activity, decreased plasma activity, and had no effect on heart
and kidney ACE. In the present study, an increased plasma T3
level occurred with low protein feeding and cortisol increased
with high protein intake. It is likely that the increase in T3 and
cortisol levels is not sufficient to induce modification of ACE
activity, and we suggest that dietary protein manipulation does
not influence ACE activity through T3 and/or cortisol. Never-
theless, it cannot be ruled out that the decrease in ACE activity
observed in the kidney or in the lung after respectively low and
high protein diets may be counterbalanced by a T3 or cortisol
effect.
(3) To ensure equivalent caloric and fat contents, the carbo-
hydrate content of the diet was adjusted. Thus, differences in
carbohydrate could potentially be responsible for the change
seen in ACE activity since a high carbohydrate diet (such as a
5% protein diet) would be expected to stimulate insulin release.
In endothelial cells in culture, insulin causes a reduction in ACE
activity in the cells and their culture supernatants compared to
controls [26]. Nevertheless, in vivo evidence for the potential
effect of carbohydrate intake and/or the insulin level on tissue
ACE activity seems limited. Indeed, in streptozotocin-induced
diabetic rats with a threefold increase in plasma glucose levels,
lung and kidney ACE activity was unchanged 30 days after
streptozotocin treatment [271.
One week after surgery, unilateral nephrectomy resulted in
increased ACE activity in the renal cortex and brush border
with no change in ACE activity in the medulla. In the heart,
plasma and lung ACE activity was not affected by uninephrec-
tomy. Moreover, the increase in ACE activity in the brush
border was not accompanied by an increase in the activity of
the brush border membrane marker alkaline phosphatase. All
these results suggest that the increase in ACE activity in the
tubular brush border is a specific response to renal ablation.
The mechanism by which uninephrectomy stimulates brush
border ACE activity remains unknown, but it might be different
from that of dietary protein. In fact, dietary protein has a
systemic effect, particularly on hormone levels [11], while the
consequences of uninephrectomy seem restricted to the rem-
nant kidney [281.
The consequences of the effect of dietary protein variation on
plasma ACE activity can be discussed in terms of the effects of
this experimental model on the other components of the renin-
angiotensin system. High and low protein diets have opposite
effects on plasma renin activity [8, 11] and plasma ACE
activity. In the absence of variations in the substrate angioten-
sinogen [10] and despite the variations in plasma ACE activity,
it is likely that plasma renin activity determines plasma angio-
tensin II levels. In fact, Vaughan and Russell [9] measured high
levels of plasma angiotensin II in Wistar Kyoto rats fed with a
high protein intake.
In the kidney, a protein diet induced renal renin variation [10,
291 while uninephrectomy did not seem to modify renal renin
activity [30], but both modified brush border ACE activity.
There is now substantial evidence indicating that all the com-
ponents necessary for the local production of angiotensin I
coexist in the renal proximal tubule. Histochemical techniques
have revealed the presence of renin mRNA [31], angiotensino-
gen protein and mRNA in proximal tubular cells [32]. This
locally produced angiotensin I might be the substrate of brush
border ACE. Nevertheless, before any conclusions can be
drawn about whether ACE plays a key role in the kidney
tubule, it is first necessary to identify variations in tubular
angiotensin II levels associated with the variations in brush
border ACE activity observed in our study. Accurate measure-
ments of angiotensin II are difficult to obtain, even in the whole
kidney [33]; nevertheless, high tubular angiotensin II levels
have been measured [34]. Angiotensin II could play a significant
role in the adaptation of the kidney to a high protein diet and to
uninephrectomy. According to most studies [1—3], these models
are characterized by an increased rate of tubular Na reabsorp-
tion and an enlargement of the nephron which is predominant in
the proximal tubule. Angiotensin II plays a significant role in
the regulation of proximal sodium transport through the
Na-H exchange in the rat renal brush border membrane.
Interestingly, high protein intake and uninephrectomy were
both associated with increased Na-H exchange in the rat
renal brush border [41. There is now increasing evidence that
angiotensin II is a growth factor and this effect has also been
demonstrated in proximal tubular cells [34, 35]. Moreover, the
study of Wight et al [36] shows clearly that the ACE inhibitor
enalapril inhibits compensatory renal growth in adult rats in
opposition to the calcium blocker verapamil. Recent data from
Tufro-McReddie et a! [37] support the hypothesis that the renal
renin-angiotensin system contributes to renal growth during
development.
As it is a non-specific dipeptidyl carboxypeptidase, ACE
might, for example, contribute to the breakdown and reabsorp-
tion processes of peptides in the proximal tubule. The increased
proteinuria we observed in conjunction with the higher protein
intake probably reflects an increased level of proteins within the
proximal tubule lumen. Consequently, it could be argued that
the higher level of brush border ACE activity accompanying the
increased protein intake represents an adjustment to protein
hydrolysis within the proximal tubule. Such a hypothesis has
been suggested by Ingelfinger et al [38], with regard to the
intestinal brush border membrane ACE [39, 40]. However, this
hypothesis cannot account for uninephrectomy, which in-
creases brush border ACE activity without changing urinary
protein excretion.
Finally, it cannot be ruled out that increased brush border
ACE activity might only be a marker, without any physiological
consequences in terms of the modification of the renal proximal
tubule.
In conclusion, our study demonstrated that in normal rats,
low and high protein intakes are potent factors regulating ACE
activity in the plasma, lung and kidney. The marked response
1592 Michel et a!: Dietary protein, uninephrectomy and ACE
observed in the kidney cortex and brush border is reproduced
by uninephrectomy.
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